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beta annealed titanium) with and without intentional initial flaws were tested under constant
amplitude cyclic load and flight-by-flight fighter and bomber spectrum loads. Two initial
flaw shapes corresponding to a quarter-circular corner crack and a through-the-thickness
crack and three initial crack lengths (small, intermediate and large) were used in the test
program. Three levels of cold working and interference and one level of fastener load trans-
fer were included for each alloy. The amount of load transferred through the loaded fastener
was maintained uniformly at the level which produced a bearing stress equal to the far-field
stress.

CorrelctionNetween calculated stress intensities and those reduced from fatigue crack
growth data 'ere good, except for very small cracks growing from the cold-worked holes.
Also, the naturI cracks initiated in the fatigue tests were most commonly corner and em-
bedded types whn. shapes corresponded quite closely to the quarter- and semi-elliptical
shapes used in theI nalyses.

Test growth rates for loles with residual strains (cold-worked or interference-fit fasteners)
were significantly slo'er than for straight reamed holes without any conditioning - especially
for small initial cracks! This benefit decayed as crack length increased.

Data scatter was most app rent in fighter-spectrum tests and in the tests of short initial cracks
propagating from cold work and interference-fit holes. Another important feature observed
was how the initial corner fl w shapes changed during their growth: for straight reamed holes
with or without cold-working the final dimension on the hole wall was almost always larger
than the final dimension on the plate surface, especially for the cold-worked hole; for inter-
feren'e-fit fastener holes without fastener load transfer, the final flaw shape was close to
quarter-circular; for interference-fit fastener holes with fastener load transfer, the final
dimension on the hole wall was less than that on the plate surface.

Lastly, a review of experimental results and numerical predictions indicated the possibility
that the beneficial rnsidual compressive strains induced by cold-working operations were
relaxed during the subsequent application of cyclic loads.
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FOREWORD

This report describes results of work performed by the Lockheed-Georgia Company on

Air Force Contract F33615-75-C-3099, "Extended Study of Flaw Growth at Fastener

Holes," The effort was sponsored by the Air Force Flight Dynamics Laboratory as part

of the Advanced Metallic Structures - Advanced Development Program, Project No.

486U. Mr. James L. Rudd of AFFDL/FBE was the Air Force Project Engineer.

This program was conducted within the Engineering Branch of the Lockheed-Georgia

Company, Marietta, Georgia, under the direction of Chief Engineer - Research and

Technology, Mr. H. B. Allison. The Project Engineer was Dr. T. M. Hsu of the

Advanced Structures Department. The experimental work was performed under the

supervision of W. M. McGee who was assisted by H. R. Michael. The stress intensity

factor analysis and data evaluation were performed by Dr. T. M. Hsu. This is Volume II

of the final technical report and contains tabu lotions of raw data generated during the

experimental evaluations performed over the period of June 1975 - June 1977.

This report was submitted by the authors on November 10, 1977.
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SECTION I

INTRODUCTION

An analytical and experimental investigation was conducted under Air Force Contract

No. F33615-75-C-3099 to characterize the fracture and cyclic growth behavior of small

cracks emanating from various types of fastener holes. The detail results and discussions

are presented in Volume I of USAF Technical Report AFFDL-TR-77-83. This report is the

second volume of the aforementioned report. It contains tabulations of raw fatigue crack

growth data generated during the efforts conducted over the period of June 1975 - June 1977.

Experimentol data in the form of crock length versus number of load cycles (or flights)

resulting from applicoions of constant amplitude loading and flight-by-flight spectrum

loading were obtained for 370 different test holes on two different alloys, namely,

2219-T851 aluminum and 6AI-4V standard ELI beta annealed titanium. These test holes

were distributed in 131 specimens (71 aluminum specimens and 60 titanium specimens).

The stress level used in the constant-amp!itude load tests was approximately equo' to one

third of the material yield stre-',th (18 ksi fo aluminum specimens and 40 ksi for titanium

specimens). Only the stress ratio of 0.1 was investigated in the constant amplitude jests.

Two different spectra representative standard bomber and fighter operations were employed

in the spectrum !oad tests. Two initial flaw shapes corresponding to the quarter-elliptical

corner crack Gd the through-the-thickness crock and three initial crack lengths (small,

intermediate and large)* were used in the test program. The test holes, including open,

close tolerance, interference-fit, and cold-worked fastener holes, were subjected to the

remote loading and possible also fastener loading. Three levels of cold-working and

interference were included for each alloy. The amount of load transferred through the

loaded fastener was maintained unifo.-mly at the level which produces a bearing stress

approximately equal to the far-field stress.

*in this reporr, the crack size definitions are as follows:

Small: 0.005" a 0.050"
Intermediate: 0.050" a 0.150"
Large: a 0.150"

, =: i q I:- Ii I I I I I I I I I I I



Each table tabulated the crack length versus number of cycles (or flights) for all test

Woes in one specimen. The tables of such crack growth data are arranged in the samne

order as they arc discussed in Volumne I of this report. All pertinent informnations ore

containe~d in the tables.
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SECTION II

DATA TABUI.ATIONS

1. CONSTANT AMPLITUDE LOAD TESTS

This section contains the crack growth data of both corner crack cnd thru crack

emanating from open, close tolerance, interference-fit, and cold-worked fastener

holes in both 2219-T851 aluminum and 6AI-4V beta annealed titanium specimens

subjected to constant amplitude for-field loading.

1.1 2219-T851 Aluminum -Corner Crocks
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1.2 2219-T851 Aluminum - Thru Crocks
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1.3 6AI-4V Beta Annealed Tianium -Corner Cracks
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1.4 (~Al-4V Beta Annealed Titanium - Thru Cracks
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2. SPECTRUM LOAD TESTS - 2219-T851 ALUMINUM

This section contains the crack growth data of both corner crack and thru crack

emanating from open, clcse-tolerance, interference-fit, and cold-worked fastener

holes in 2219-T851 aluminum specimens subjected to both bomber and fighter

spectra loading.

2.1 Bomber Spectrum - Corner Cracks
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3. SPECTRUM LOAD TESTS - 6AI-4V BETA ANNEALED TITANIUM

Tls section contains the crock 9-owth data of both corner crack and thru crack

emanating from open, close-tolerance, interference-fit, and cold-worked fastener

holes in 6AI-4V beta annealed titanium specimens subjected to both bomber and

fighter spectra loading.

3.1 Bomber Spectrum - Corner Cracks
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3.2 Bomber Spectrum - Thro Crocks
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3. 3 Fighter Spectrum - Corner Cracks
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3. 4 Fighter Spectrum - Thru Cracks
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